Microsieve lab-chip device for rapid enumeration and fluorescence in situ hybridization of circulating tumor cells.
Herein we present a lab-chip device for highly efficient and rapid detection of circulating tumor cells (CTCs) from whole blood samples. The device utilizes a microfabricated silicon microsieve with a densely packed pore array (10(5) pores per device) to rapidly separate tumor cells from whole blood, utilizing the size and deformability differences between the CTCs and normal blood cells. The whole process, including tumor cell capture, antibody staining, removal of unwanted contaminants and immunofluorescence imaging, was performed directly on the microsieve within an integrated microfluidic unit, interconnected to a peristaltic pump for fluid regulation and a fluorescence microscope for cell counting. The latter was equipped with a dedicated digital image processing program which was developed to automatically categorize the captured cells based on the immunofluorescence images. A high recovery rate of >80% was achieved with defined numbers of MCF-7 and HepG2 cancer cells spiked into human whole blood and filtered at a rapid flow rate of 1 mL min(-1). The device was further validated with blood drawn from various cancer patients (8 samples). The whole process, from sample input to result, was completed in 1.5 h. In addition, we have also successfully demonstrated on-microsieve fluorescence in situ hybridization for single cell molecular analysis. This simple method has great potential to supplant existing complex CTC detection schemes for cancer metastasis analysis.